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(57) ABSTRACT 

A semiconductor structure having a plurality of gate stacks 
on a semiconductor substrate provided With a gate dielectric. 
The gate stacks have a loWer ?rst layer made of polysilicon, 
an overlying second layer made of a metal silicide, and an 
upper third layer made of an insulating material, and a 
sideWall oxide on the sideWalls of the ?rst and second layers. 
The sideWall oxide is thinned or removed on one of the 
sideWalls, and the gate stacks have sideWall spacers made of 
the insulating material. 
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METHOD FOR THE PRODUCTION OF A 
SEMICONDUCTOR SUBSTRATE COMPRISING A 

PLURALITY OF GATE STACKS ON A 
SEMICONDUCTOR SUBSTRATE, AND 
CORRESPONDING SEMICONDUCTOR 

STRUCTURE 

RELATED APPLICATIONS 

[0001] This application is a divisional patent application 
Which claims the bene?t of the ?ling date of US. patent 
application Ser. No. 11/010,941, ?led Dec. 10, 2004, Which 
is a continuation of PCT patent application number PCT/ 
EP2003/005581, ?led May 27, 2003, Which claims priority 
to German patent application number 102285713, ?led Jun. 
26, 2002, the disclosures of each of Which are incorporated 
herein by reference in their entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to a method for the 
production of a semiconductor structure comprising a plu 
rality of gate stacks on a semiconductor substrate, and to a 
corresponding semiconductor structure. 

BACKGROUND ART 

[0003] US. Pat. No. 6,080,613 discloses a semiconductor 
structure comprising a plurality of gate stacks, the gate 
stacks having thinned sideWall spacers made of silicon 
oxide. 

[0004] US. Pat. No. 5,439,835 discloses the use ofa mask 
for forming sideWall spacers on gate stacks. 

[0005] US. Pat. No. B1-6,383,863 discloses gate stacks 
comprising caps made of silicon nitrite. 

[0006] Although applicable in principle to any desired 
integrated circuits, the present invention and the problem 
area on Which it is based are explained With regard to 
integrated DRAM memory circuits in silicon technology. 

[0007] The memory cells of integrated DRAM memory 
circuits comprise a bit line contact, a selection transistor and 
a storage capacitor. The capacitor may be embodied as a 
trench capacitor or as a stacked capacitor above the gate 
lines. 

[0008] The bit line contacts are etched in a self-aligning 
manner betWeen gate lines arranged in strip-type fashion and 
are subsequently ?lled With a conductive material, metal or 
highly doped polysilicon. In speci?c designs, a bit line 
contact is used for tWo adjacent memory cells Which like 
Wise has a space-saving e?‘ect. 

[0009] As memory cell dimensions decrease, the lateral 
opening of the bit line contacts also becomes smaller and 
smaller since the distance betWeen the gate lines decreases. 
Therefore, considerable efforts have to be made in order to 
keep the resistance of the bit line contact plug small, Which 
is achieved for example by changing from a polysilicon 
?lling to a suitable metal ?lling (e.g.) tungsten). 

[0010] It is also a central problem to ?nd a suitable etching 
for the bit line contact, that is to say an etching of doped 
SiO2 selectively With respect to the silicon nitride covering 
the gate lines, the etching ensuring an opening of the bit line 
contact hole Without damaging the gate lines or the insula 
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tion thereof. This is critical in particular oWing to the process 
and thickness ?uctuations occurring in the layers that form 
or insulate the gate lines. 

[0011] What are particularly critical are the Width of the 
gate line stacks, the thickness of the side Wall spacer and also 
the thickness of a liner made of silicon nitride that functions 
as a diffusion barrier in order to avoid impurities of the 
doped SiO2 in the gate lines. 

[0012] In the case of the 110 nm technology, by Way of 
example, taking account of these process and thickness 
?uctuations, a ?uctuation range of 45 nm to 75 nm remains 
for the Width of a respective bit line contact. 

[0013] Considerable efforts have been made heretofore in 
order, by Way of example, to optimiZe the aforementioned 
self-aligned contact hole etching of the doped SiO2 for the 
bit line contacts. A principal di?iculty consists in the fact 
that the lateral dimensions are reduced by the shrink factor 
but the height of the gate stack is scarcely reduced. This 
increasingly Worsens the so-called aspect ratio (height/ 
Width) for the critical contact hole etching. 

[0014] NoWadays the etching process is realiZed by a 
tWo-stage etching. In the ?rst step, etching is effected as far 
as possible perpendicularly anisotropically as far as the 
silicon nitride cap, and, in the second step, etching is 
effected as far as possible selectively With respect to the 
silicon nitride cap, in Which case the pro?le of the upper 
region of the contact hole should as far as possible not be 
expanded. 
[0015] Reducing the material thicknesses for the indi 
vidual constituent parts of the gate line stack likeWise 
requires considerable efforts. By Way of example, it is 
knoWn that even only slightly reducing the thickness of the 
side Wall oxide considerably impairs the leakage current 
behavior of the selection transistors, With the result that the 
required retention time of the memory signal in the storage 
capacitor can no longer be guaranteed. 

[0016] The problem area on Which the present invention is 
based consists in alleviating the space problem for the bit 
line contacts. 

DISCLOSURE OF THE INVENTION 

[0017] According to the invention, this problem is solved 
by means of the production method speci?ed in claim 1 and 
the corresponding semiconductor structure according to 
claim 9. 

[0018] The particular advantages of the production 
method according to the invention and of the corresponding 
semiconductor structure are that the alleviated space condi 
tions mean that it is possible to achieve a reduction of the 
short-circuit problem area during the contact hole etching, 
With the result that the yield in the process, for example in 
the DRAM fabrication process, can be signi?cantly 
increased. Furthermore, the invention affords the possibility 
of further shrinks. 

[0019] The idea on Which the present invention is based 
consists in increasing the lateral Width for the bit line contact 
by single-sided reduction of the sideWall oxide on the side 
of the bit line contact, that is to say on that side of the 
selection transistor Which is remote from the storage capaci 
tor of the respective memory cell. In other Words, the 
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sidewall oxide on the selection transistor is con?gured 
asymmetrically, that is to say thicker on the side of the 
storage capacitor and thinner on the side of the bit line 
contact. 

[0020] For this purpose, the sideWall oxide on the bit line 
side of the selection transistor may be merely thinned or 
completely removed, as a result of Which the lateral opening 
for the bit line contact can be enlarged by at most tWice the 
Width of the sideWall oxide. 

[0021] In the 110 nm technology, by Way of example, the 
thickness of the sideWall oxide amounts to 2x12 nm=24 nm. 
That is to say that given a lateral Width of the bit line contact 
of 45 nm to 75 nm, the maximum lateral space gain 
corresponds to 53% to 32% of the current lateral Width of the 
bit line contact, Which means a considerable alleviation for 
the self-aligned contact hole etching. 

[0022] In this case, the sideWall oxide on the selection 
transistor on the side of the storage capacitor is left 
unchanged by virtue of a suitable masking, Which has the 
effect that it is possible to avoid an impairment of the 
leakage current behavior of the memory cell. 

[0023] Advantageous developments and improvements of 
the respective subject matter of the invention are found in 
the subclaims. 

[0024] In accordance With one preferred development, the 
gate stacks are provided in parallel strip-type fashion on the 
semiconductor substrate. 

[0025] In accordance With a further preferred develop 
ment, the gate stacks are provided With approximately the 
same con?guration and approximately the same spacing on 
the semiconductor substrate. 

[0026] In accordance With a further preferred develop 
ment, the active regions of the selection transistors are 
provided in a self-aligning manner in the interspace betWeen 
the gate stacks. 

[0027] In accordance With a further preferred develop 
ment, the removal of the sideWall oxide on the sideWalls of 
the gate stacks serving as a control electrode takes place 
using a mask. 

[0028] In accordance With a further preferred develop 
ment, the sideWall oxide is removed on opposite sideWalls of 
adjacent gate stacks above respective active regions Which 
simultaneously serve as a connection for tWo selection 
transistors. 

[0029] In accordance With a further preferred develop 
ment, a respective bit line contact is formed betWeen side 
Walls of adjacent gate stacks With an at least partly removed 
sideWall oxide. 

[0030] In accordance With a further preferred develop 
ment, the gate stacks are created by carrying out an appli 
cation and patterning of the ?rst, the overlying second and 
the upper third layer on the gate dielectric. 

[0031] In accordance With a further preferred develop 
ment, the third layer is a silicon nitride layer. 

[0032] An exemplary embodiment of the invention is 
illustrated in the draWings, and explained in more detail in 
the description beloW. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIGS. 1-5 shoW diagrammatic illustrations of suc 
cessive method stages of the method for the production of a 
semiconductor structure comprising a plurality of gate 
stacks on a semiconductor substrate as an embodiment of the 

present invention. 

[0034] In FIGS. 1-5, identical reference symbols designate 
identical or functionally identical constituent parts. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] In FIG. 1, reference symbol 1 designates a silicon 
semiconductor substrate, in Which trench capacitors TK1, 
TK2, TK3, TK4 for corresponding memory cells are pro 
vided. Reference symbols 60 to 65 designate doping regions 
introduced into the semiconductor substrate 1, Which are 
drain and source regions of the selection transistors shoWn 
in this section, Which are driven by the gate stacks GS2, 
GS3, GS6, GS7. The regions 60, 62, 63, 65 simultaneously 
serve as connection regions for the associated storage 
capacitors TK1-TK4. The regions 61 and 64 are in each case 
simultaneously associated With tWo adjacent selection tran 
sistors. 

[0036] The gate stacks GS1, GS4, GS5, GS8 are associ 
ated With selection transistors in other roWs of the memory 
cell matrix. The thin gate oxide designated by reference 
symbol 5 in the ?gures lies beneath the gate stacks GS1-GS8 
on the semiconductor substrate 1. The gate stacks GS1 to 
GS8 are provided in strip-type fashion on the semiconductor 
substrate 1 and all have the same construction and also 
approximately the same siZe and the same spacing from one 
another. 

[0037] In the process stage illustrated in FIG. 1, the gas 
stacks GS1 to GS8 have a loWer layer 10 made of polysili 
con and an overlying layer 20 made of tungsten silicide. A 
cap 30 made of silicon nitride is provided above that. The 
respective left-hand and right-hand sideWalls of the strip 
type gate stacks GS1 to GS8 are uncovered in this stage. 

[0038] The active regions 60 to 65 betWeen the gate stacks 
GS1 to GS7 can expediently be introduced by self-aligned 
implantations betWeen the gate stacks GS1 to GS8. 

[0039] In the process step illustrated in FIG. 2, the tWo 
sideWalls of the gate stacks GS1 to GS8 are oxidiZed in order 
to form a customary sideWall oxide 40 having a thickness of 
typically 4-15 nm. This sideWall oxide 40 provides for 
electrical insulation for preventing short circuits betWeen bit 
line and gate line. 

[0040] In the subsequent process step illustrated in FIG. 3, 
a mask M is applied to this structure, Which mask is 
patterned in such a Way that those sideWalls of the gate 
stacks Which are remote from the trench capacitors are 
uncovered, Which are associated in this section With the 
selection transistors for the relevant storage capacitors. They 
are the gate stacks GS2, GS3, GS7 and GS6 in the present 
case. Corresponding bit line contacts are later to be created 
betWeen the gate stacks GS2, GS3 and GS7, GS6, respec 
tively. In this section, no connection for a later bit line 
contact is situated betWeen the gate stacks GS4, GS5 and on 
the left next to the gate stack GS1, and on the right next to 
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the gate stack GS8, so that masking by the mask M is not 
necessary here but it Would not, in principle, be a distur 
bance either. 

[0041] In the next process step shown in FIG. 4, the 
sidewall oxide 40 is thinned on the non-masked uncovered 
sideWalls of the gate stacks GS1, GS2, GS3, GS4, GS5, 
GS6, GS7, GS8, Which leaves a sideWall oxide 40' thinned 
by approximately 50% on the relevant sideWalls. 

[0042] This thinning of the sideWall oxide may be effected 
using a Wet-chemical etching With a suitable oxide-etching 
solution, e.g. HF, diluted HF (DHF), buffered HF (BHF) or 
buffered oxide etch (BOE), or by means of a dry etching 
method, such as eg a reactive ion etching method. 

[0043] In the course of the thinning process, the gate oxide 
present at the bottom betWeen the relevant gate stacks is also 
reduced or removed, Which does not have a disturbing effect. 

[0044] It should be noted that in these regions betWeen the 
gate stacks GS2, GS3 and betWeen the gate stacks GS6, GS7 
Where the bit line contacts have to be produced later, more 
lateral space is available later as a result of the sideWall 
oxide being thinned on both sides. 

[0045] With reference to FIG. 5, ?nally, in a knoWn 
manner, a respective sideWall spacer 50 made of silicon 
nitride is provided for the purpose of protecting the sideWall 
oxide 40 and the thinned sideWall oxide 40' during the later 
formation of the bit line contacts betWeen the gate stacks 
GS2, GS3 and GS6, GS7 Where, as a result of the thinning, 
there is a larger lateral Width d' present in comparison With 
other intermediate regions Without thinning. 

[0046] The further steps for completing the memory cells 
are knoWn in the prior art and, therefore, are not illustrated 
further here. In particular, as standard, ?rstly a liner made of 
silicon nitride is applied as a diffusion barrier, then a doped 
layer made of SiO2 is deposited and planariZed, and, ?nally, 
the bit line contact holes are etched in a self-aligned manner 
betWeen the gate stacks GS2, GS3 and GS6, GS7 in the 
abovementioned tWo-stage etching process and the bit line 
contact is ?lled With a suitable metal, such as eg tungsten. 

[0047] On account of the fact that the sideWall oxide is 
only reduced on the side remote from the storage capacitor, 
the leakage current behavior of the memory cells remains 
unchanged. 
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[0048] Although the present invention has been described 
above on the basis of a preferred exemplary embodiment, it 
is not restricted thereto, but rather can be modi?ed in diverse 
Ways. 

[0049] In particular, the selection of the layer materials for 
the gate stacks and the arrangement thereof are only by Way 
of example and can be varied in many different Ways. 

List of Reference Symbols 

[0050] 1 Substrate 

[0051] GS1-GS8 Gate stack 

[0052] 10 Polysilicon 
[0053] 20 Silicide 

[0054] 
[0055] 
[0056] 
[0057] 
[0058] 
[0059] 50 SideWall spacer 
What is claimed is: 

1. A semiconductor structure comprising a plurality of 
gate stacks on a semiconductor substrate provided With a 
gate dielectric, the gate stacks having a loWer ?rst layer 
made of polysilicon, an overlying second layer made of a 
metal silicide, in particular a tungsten silicide, and an upper 
third layer made of an insulating material, and having a 
sideWall oxide on the sideWalls of the ?rst and second layers, 
the sideWall oxide being thinned or removed on one of those 
sideWalls, and the gate stacks having sideWall spacers made 
of said insulating material. 

2. The structure of claim 1, Wherein the insulating mate 
rial is silicon nitride. 

3. The structure of claim 1, Wherein the sideWall spacers 
are formed on the sideWalls on the gate stacks. 

4. The structure of claim 1, Wherein the gate stacks serve 
as control electrodes for a respective selection transistor of 
a corresponding memory cell comprising a storage capaci 
tor, and Wherein the sideWall oxide is thinned or removed on 
those sideWalls of the gate stacks Which are remote from the 
associated storage capacitor. 

30 Silicon nitride 

40, 40' SideWall oxide 

5 Gate dielectric 

M Mask 

60-65 Active regions 
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